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Each month, Chemistry & Biology Select highlights a selection of research reports recently pub-
lished in other journals. These highlights are a snapshot of interesting research done across the
field of chemical biology, and this month’s Select includes reports on mapping the origin of anti-
genic peptides, a method for whole-brain imaging, and an unusual pathway by which mitochondria
generate lipid mediators.The Need for Speed: Origin of Antigenic Peptides
When attacked by a pathogen, a cell needs to react quickly and signal the immune system to launch a defensive. Critical
players in this process are major histocompatibility complex (MHC) class I molecules that bind peptides produced by endog-
enous protein degradation and present them at the cell surface, where they are interrogated by T cells. If T cells determine
the peptides are foreign, the full blown immune responsewill be launched. The need for speed in this case raises an interesting
question about the source of the peptides that constitute MHC peptidome and whether they are products of degradation of
mature proteins at the end of their life cycle (retirees) or of immature proteins known as defective ribosome products (DRiPs).
Bourdetsky et al. use dynamic SILAC (stable isotope labeling by amino acids in cell culture) combined with mass spectrom-
etry to examine the relationship between the proteome and MHC peptidome and to provide additional clues to the origin of
antigenic peptides. They perform both types of analysis, proteomics and peptidomics, on the same human hematopoietic
cell cultures, using heavy stable isotope-labeled lysine, arginine, and leucine in their SILAC set up, and monitor the process
over time to get insights into the dynamics. This allows them to identify more than 700 pairs of peptides and their source
proteins. What they see is that a significant portion of the MHC peptides originates from DRiPs, mostly fully functional, albeit
excess, subunits of large protein complexes such as ribosome and TCP-1. Retirees also contribute to the MHC peptidome,
however, and the authors observe that the contribution of DRiPs and retirees to the MHC peptide pool differs between cell
lines. The work highlights the utility of a large-scale analysis in obtaining broader insights into the origin of antigenic peptides
and immune response in general.
Bourdetsky et al. (2014). Proc. Natl. Acad. Sci. USA 111, E1591–E1599.Soaking a whole brain (left) in an optimized chemical cocktail leads
to efficient increase in transmittance (right), thus enabling the use
of advanced imaging techniques on the whole brain and obtaining
insights at a single-cell level. The procedure forms a critical com-
ponent of the newly described CUBIC clearing protocol that uses
two reagents for the best results. Image courtesy of E.A. Susaki.ImagingWhole Brain at a Single-Cell
Level Gets Simpler
The brain is the organ that has fascinated humanity for
millennia, and captured the imagination of both scientists
and artists. The last few decades have revealed its bewil-
dering complexity: an estimated 1011 neurons linked via
1014 connections form the center of the human nervous
system. Our ability to peer into the brain and investigate its
function at the systems level has been increasing rapidly,
which in a large extent, is due to improvements in methods
that enable direct visualization of neural activities using
advanced 3D imaging techniques, such as light-sheet
fluorescence microscopy (LSFM). Hand in hand with better
visualization methods, the methods for increasing transpar-
ency of the brain samples have also been improving, and
the combined efforts in both lines of research have already
yielded interesting insights.
To eliminate some of the intrinsic complexity and limita-
tions of the previous methods, Susaki et al. now describe a
brain sample clearing procedure that uses optimized chemi-
cal cocktails containing aminoalcohols to efficiently remove
the lipids and increase transmittance, without affecting the intensity of the signal produced by the fluorescent proteins.
They combine this tissue clearing protocol with a computational analysis pipeline into a new method they call CUBIC for
‘‘clear, unobstructed brain imaging cocktails and computational analysis.’’ Use of CUBIC allows rapid LSFM whole-brain
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synapses and allows subcellular structure imaging. Computational image analysis that is integrated into CUBIC enables visu-
alization of individual neurons in adult whole brains and gene expression profiling. Overall, CUBIC represents an important
addition to the growing arsenal of techniques for peering into the brain and untangling the mysteries of its function.
Susaki et al. (2014). Cell 157, 726-739.Lipid Mediators from Mitochondria
Mitochondria are often referred to as ‘‘cellular power plants’’ because of their role in supplying cellular energy through pro-
duction of ATP; however, they wear many additional functional hats because they are known to be involved in a number of
other processes important for normal cellular metabolism and physiology. Interestingly, one of the roles that mitochondria
were not known to play is as a site of lipid mediators’ biosynthesis—until now.
Recent work by Tyurina et al. provides evidence that mitochondrial cytochrome c (cyt c) is involved in oxidation of mito-
chondria-specific cardiolipins (CLs), resulting in production of a number of different lipid species (CLox) that undergo further
transformation into oxygenated fatty acids (FAox), including known lipid mediators. Starting from a hypothesis that mito-
chondrial CLs might form a pool for potential lipid mediator production, Tyurina et al. follow the trail of clues that leads
them to several unexpected insights and conclusions. Their work suggests that not only do the mitochondria have a specific
pathway for lipid mediator biosynthesis, but that this pathway is different from all other documented ways in which lipid
mediators aremade; specifically, that the oxidase role is played by cyt c and the hydrolase role is played byCa2+-independent
phospholipase A2 (iPLA2g). Compounding the presence of these two unusual players is the fact that CL first gets oxidized
leading to formation of CLox and then hydrolyzed to release oxygenated free polyunsaturated fatty acids (PUFAox). The
authors propose that the critical event that pushes the mitochondrial lipid mediator biosynthesis is binding between CL
and cyt c that likely disrupts normal cyt c function as a single electron carrier in electron transport chains and gives rise to
superoxide radicals and H2O2 that is needed for cyt c peroxidase activity. These are unexpected findings that further broaden
mitochondrial functional repertoire.
Tyurina et al. (2014). Nat. Chem. Published online April 20, 2014. http://dx.doi.org/10.1038/nchem.1924
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